Many steps in the analysis of rough and semirough endotoxins were found to be facilitated by the use of isobutyric acid-ammonium hydroxide solvent.
In 1975, Boman and Monner (1) observed that a solvent consisting of 5 parts isobutyric acid to 3 parts molar ammonium hydroxide, commonly used to separate peptidoglycan fragments, was useful for the paper chromatographic separation of different rough lipopolysaccharides (LPS) of Escherichia coli. Rosner et al. (8) later used this solvent in thin-layer chromatography (TLC) to characterize lipid fragments of one of the deep-rough LPS. In connection with our studies on endotoxins, for which few satisfactory chromatographic separations have been described, we found that the system could be extended to the determination of purity and of degree of heterogeneity (7) LPS obtained from different bacterial strains can be characterized by migration upon electrophoresis in sodium dodecyl sulfate-15% polyacrylamide gels ( Fig. 1 ) (4). When many of the same samples were developed on TLC with isobutyric acid-ammonium hydroxide as solvent, they were better separated ( Fig. 2A and B Figure 3 illustrates the migration patterns of several different polysaccharide preparations in the solvent isobutyric acid-1 M ammonium hydroxide, 3:5. The polysaccharide fraction of E. coli appears to be polydisperse, and those of V. cholerae and N. meningitidis contain two or three different molecular species of polysaccharide (6) .
The method is also efficient for checking the purity of endotoxic preparations since common contaminants such as nucleic acids and phospholipids either did not migrate in the conditions given or migrated near the front. In fact, on a larger scale, all nonmigrating products could be removed from endotoxin samples by extraction with the solvent (10 mg of endotoxin per ml), followed by centrifugation (1,500 x g, 10 min). After removal of the excess ammonium hydroxide (rotatory evaporator, room temperature) and isobutyric acid (lyophilization) from the supernatant, endotoxin was obtained by trituration of the residue with ethanol and sedimentation at 1,500 x g for 10 min.
It is good laboratory practice to test that in radiolabeled endotoxin preparations the label is associated exclusively with the LPS and that the material has not undergone undesirable or uncontrolled chemical modifications. For this purpose, TLC in the solvent studied has proved to be very valuable. The solvent and appropriate variants of it were also used for quick and easy monitoring of hydrolyses, derivatizations (N-acetylation, methylation, etc.), and other transformations of LPS and polysaccharide preparations.
Purification of endotoxic LPS and their derivatives usually involve liquid chromatography. We found that TLC in an appropriate mixture of isobutyric acid and ammonium hydroxide was eminently suitable to monitor column eluates and substituted perfectly for the laborious and time-consuming methods hitherto employed. For example, the polysaccharide fraction obtained by mild hydrolysis of B. pertussis 1414 endotoxin turned out to contain two polysaccharides, a dodecasaccharide, and a nonasaccharide (2). They were largely separable by chromatography on Bio-Gel P6 column. Figure 4 shows the fractionation profile obtained by TLC. 
